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Abstract— In today’s scenario the over sampled OFDM system performance is significantly improved if the deep faded symbols on
the sub carriers of each over sampled OFDM signal are discarded and then reconstructed from the remaining OFDM signal by a time
domain iterative algorithm. Base on the results of FFT in OFDM demodulation, one new single frequency interference estimation
scheme is proposed, which can estimate accurately the parameters of single frequency interference by analyzing and comparing two
spectrum lines having higher energy and power consumption ratio than others. The complexity of the scheme is very low and its
accuracy is much higher than that of the conventional scheme which using only single spectra line possessing maximum energy to
estimate interference parameters.
Keywords – OFDM, FFT, Spectrum and Single Frequency
.

I.

mechanism also facilitates the design of single frequency
networks (SFNs), where several adjacent transmitters
send the same signal simultaneously at the same
frequency, as the signals from multiple distant
transmitters may be combined constructively, rather than
interfering as would typically occur in a traditional
single-carrier system.

INTRODUCTION


Orthogonal
frequency-division
multiplexing
(OFDM), essentially identical to coded OFDM
(COFDM) and discrete multi-tone modulation (DMT), is
a frequency-division multiplexing (FDM) scheme used
as a digital multi-carrier modulation method. A large
number of closely-spaced orthogonal sub-carriers are
used to carry data. The data is divided into several
parallel data streams or channels, one for each subcarrier. Each sub-carrier is modulated with a
conventional modulation scheme (such as quadrate
amplitude modulation or phase-shift keying) at a low
symbol rate, maintaining total data rates similar to
conventional single-carrier modulation schemes in the
same bandwidth.

In a typical multi-cellular environment a signal
transmitted from a handset to the basestation is subjected
to a variety of impairments. The most obvious
impairment is the contemination of the transmitted signal
by thermal noise at the receiver. Secondly, the
signal quality suffers from multipath propagation, which
implies that several delayed replicas of the same signal
arrive at the receiver antenna. This inflicts inter-symbol
interference, which heavily degrades the signal quality
and hence must be compensated by equalization. In
addition the channel might impose time variant fading
due to the mobility of the users or the deflectors and
scatterers. In a multi-cellular environment we
additionally encounter interference from other users and
basestations.

OFDM has developed into a popular scheme for
wideband digital communication, whether wireless or
over copper wires, used in applications such as digital
television and audio broadcasting, wireless networking
and broadband internet access.
The primary advantage of OFDM over single-carrier
schemes is its ability to cope with severe channel
conditions (for example, attenuation of high frequencies
in a long copper wire, narrowband interference and
frequency-selective fading due to multipath) without
complex equalization filters. Channel equalization is
simplified because OFDM may be viewed as using many
slowly-modulated narrowband signals rather than one
rapidly-modulated wideband signal. The low symbol rate
makes the use of a guard interval between symbols
affordable, making it possible to handle time-spreading
and eliminate intersymbol interference (ISI). This

The problem of inter-symbol interference can be
elegantly addressed by employing OFDM ( Orthogonal
Frequency Division Multiplexing ), which is a multicarrier transmission scheme conceived back in the 60's.
With the availability of high-performance signalprocessing devices it has been re-discovered since the
operation of multi-carrier modulation can be efficiently
implemented by means of a Fast Fourier Transform
(FFT). As opposed to single-carrier transmission, OFDM
seeks to avoid inter-symbol interference by appending a
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guard interval to each FFT output block - before signal
interpolation and up-conversion to the
he HF ( High
Frequency ) stage - at the cost of a slight
ght reduction in
bandwidth efficiency. The block diagram
ram of OFDM
based transmission system is shown in figg 11.

the total bitrate), the influence
nce of intersymbol
interference is significantly reduced.
d. In principle, many
modulation schemes could be used to modulate the data
at a low bit rate onto each carrier.
Usually, it is an important part of the OFDM system
design that the bandwidth occupied
ed is greater than the
coherence bandwidth of the fadin
ding channel. Then,
although some of the carriers are deg
egraded by multipath
fading, the majority of the carrie
riers should still be
adequately received. OFDM can effectively
eff
randomize
burst errors caused by Rayleigh fading,
fad
which comes
from interleaving due to parallelizat
zation. So, instead of
several adjacent symbols being com
ompletely destroyed,
many symbols are only slightly dis
distorted. Because of
dividing an entire channel bandwidth
dth into many narrow
subbands, the frequency response ov
over each individual
subband is relatively flat. Since each
ch sub channel covers
only a small fraction of the original
o
bandwidth,
equalization is potentially simpler th
than in a serial data
system. A simple equalization algor
orithm can minimize
mean-square distortion on each su
subchannel, and the
implementation of differential enco
coding may make it
possible to avoid equalization altogeth
ether. This allows the
precise reconstruction of majority of them, even without
forward error correction (FEC).

Fig 1. Block diagram of an OFDM based
sed transmission
system.
This paper is divided into five sections
ns. In Section 2
the system description is described. In S
Section 3 the
analysis based on FFT estimation is present
ented. In Section
4, domain equalization are carried outt to prove the
performance of new scheme. Finally, co
conclusion and
future directions are given in Section 5.

much interest for it’s
OFDM technique has attracted m
advantages, such as the high sp
spectrum efficiency,
interference rejection capability, secur
curity and so on [1-4].
OFDM modulation is done by IFFT
I
and OFDM
demodulation is done by FFT. IF th
the OFDM signal is
disturbed by interference, the parame
meters of interference
should be evaluated for further inter
terference elimination
processing. Single frequency interfer
ference [5, 10] is one
typical interference, the parameterr eestimation of single
frequency interference can be done
one by Kay method,
Music method and Fitz method [6, 7, 8,9].

II. SYSTEM DESCRIPTION
In multimedia communication, a dem
emand emerges
for high-speed, high-quality digital mo
mobile portable
reception and transmission. A receiver has
as tto cope with a
signal that is often weaker than desira
irable and that
contains many echoes. Simple digital sy
systems do not
work well in the multipath environment.
the symbols are
In a conventional serial data system, th
transmitted sequentially, with the frequenc
ncy spectrum of
each data symbol allowed to occupy the en
entire available
bandwidth. In a parallel data transmissionn ssystem several
symbols are transmitted at the same time
me, what offers
possibilities for alleviating many of tthe problems
encountered with serial systems.
ng large number
In OFDM, the data is divided among
of closely spaced carriers. This accou
counts for the
"frequency division multiplex" part of the
he name. This is
not a multiple access technique, since
ce there is no
common medium to be shared. The entire
ire bandwidth is
filled from a single source of data.
ta. Instead of
transmitting in serial way, data is transferre
rred in a parallel
way. Only a small amount of the data is ca
carried on each
carrier, and by this lowering of the bitratee pper carrier (not

Fig 2. Quantitative ana
nalysis
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III. ANALYSIS BASED ON FFT

An FFT computes the DFT and produces exactly the
same result as evaluating the DFT definition directly; the
only difference is that an FFT is much faster. (In the
presence of round-off error, many FFT algorithms are
also much more accurate than evaluating the DFT
definition directly, as discussed below.)

First, we analyse the FFT computation of single
frequency interference signal. When demodulation, we
sample the received analog signal at the sampling rate of
to get digital signal, and intercept the digital signal by
rectangle window of length M. The intercepted digital
signal Jd (n) is

Let x0, ...., xN-1 be complex numbers. The DFT is
defined by the formula
Evaluating this definition directly requires O(N2)
operations: there are N outputs Xk, and each output
requires a sum of N terms. An FFT is any method to
compute the same results in O(N log N) operations.
More precisely, all known FFT algorithms require Θ(N
log N) operations (technically, O only denotes an upper
bound), although there is no proof that better complexity
is impossible. where is the normalized angle frequency,

A fast Fourier transform (FFT) is an efficient
algorithm to compute the discrete Fourier transform
(DFT) and its inverse. There are many distinct FFT
algorithms involving a wide range of mathematics, from
simple complex-number arithmetic to group theory and
number theory; this article gives an overview of the
available techniques and some of their general
properties, while the specific algorithms are described in
subsidiary articles linked below.

2f / fs , f denotes the frequency.

A DFT decomposes a sequence of values into
components of different frequencies. This operation is
useful in many fields (see discrete Fourier transform for
properties and applications of the transform) but
computing it directly from the definition is often too
slow to be practical. An FFT is a way to compute the
same result more quickly: computing a DFT of N points
in the naive way, using the definition, takes O(N2)
arithmetical operations, while an FFT can compute the
same result in only O(N log N) operations. The
difference in speed can be substantial, especially for long
data sets where N may be in the thousands or millions—
in practice, the computation time can be reduced by
several orders of magnitude in such cases, and the
improvement is roughly proportional to N / log(N). This
huge improvement made many DFT-based algorithms
practical; FFTs are of great importance to a wide variety
of applications, from digital signal processing and
solving partial differential equations to algorithms for
quick multiplication of large integers.

The DTFT of single frequency interference is

IV. DOMAIN EQUALIZATION WITH
INTERFERENCE
If there is no noise, the receiver can completely
restore the transmitted signal x(t). However, in the
actual signal transmission system, the error always
exists. Then the system can make the difference or
mean square error D minimum between the receipt
signal y(t) and sending signal x(t). That is:

D is a function of filtering coefficient Ci (i =-N...
N).According to the mathematical method of seeking the
minimum value, the partial derivatives of Ci can be
solved and then the result is assumed to be zero, thus
solving for the value of Ci.

The most well-known FFT algorithms depend upon
the factorization of N, but (contrary to popular
misconception) there are FFTs with O(N log N)
complexity for all N, even for prime N. Many FFT
algorithms only depend on the fact that is an Nth
primitive root of unity, and thus can be applied to
analogous transforms over any finite field, such as
number-theoretic transforms.

We can further deduce the FFT of I (n)

where I(n) is the discrete sequence of I(t), w(n)is the
rectangle window function, whose Discrete Time Fourier
Transform (DTFT)
Therefore, if fs is integer times of fI, in other words,
the frequency of interference signal is the same as one of
the subs carriers, the has only one non-zero bin which
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can actually reflect the amplitude, frequency and initial
phase of interference signal. Otherwise, the interference
signal parameters can not be accurately estimated.

Proc.of IEEE Int.Symp.on Spread Spectrum
Techniques implementations, Mainz, Germany,
Sept.1996, 126-130.

We define the bin possessing the largest energy as
the main peak,denoted by , the bin possessing the second
largest energy as the second peak, denoted by . The
location of the main peak is , where is the round
function.
Using the sampling arithmetic average of the
expectation substitute approximately, then the above
equation is equivalent to:

According to the formula the value of the filtering
coefficient Ci still can not be solved. Useful information
can be sent before sending a feature known data
sequence to adjust the filtering coefficients. When the
mean square error tends to zero, send useful information.
But as time goes on, the channel parameters change
dynamically, the adjusted filtering coefficients may no
longer apply to the current system, so adaptive equalizer
can be introduced [11].

V. CONCLUSIONS AND FUTURE DIRECTIONS
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